derestimated that tumor total removal can be a difficult goal to achieve without affecting the patients' quality of life (QOL). 6, 20, 25, 29, 40, 70, 76, 97 The location and significant size of these tumors, together with the involvement of critical neurovascular structures and frequent associated calcific components, limit the extent of a resection in many cases. 29, 40, 96 Moreover, surgery can provoke visual impairment, endocrinological disturbances such as diabetes insipidus (DI), and other hypothalamic disturbances-important adverse events that make a radical surgical approach difficult to recommend, because the future life of these patients may be seriously impaired by social and behavioral disturbances. Several authors have reported high recurrence rates despite apparently complete tumor resection and negative postoperative brain imaging, providing another strong argument for the concept of limited surgery combined with other therapeutic approaches, such as radiotherapy or intracystic catheter placement. 2, 3, 30, 37, 42, 43, 50, 62, 68, 71, 78, 83, 84, 89, 92, 98 The surgical routes used to remove craniopharyngiomas have previously been transcranial approaches, whereas the transsphenoidal approach, in accordance with the indications defined by Guiot and Derome 35 in the early 1960s, was proposed initially for infradiaphragmatic lesions, with an enlarged sella, preferably in patients who had already developed panhypopituitarism. 72 More recently, technological progress and advances in terms of visualization permitted the extension of the microscopic transsphenoidal approach to a variety of suprasellar lesions. The extended variant of the transsphenoidal approach highlighted new perspectives in the management of supradiaphragmatic craniopharyngiomas, providing the possibility of treating these lesions with microsurgical techniques, but from a new, somewhat inverted perspective. 18, 64, 75, 99 The introduction of the endoscopic technique confirmed the effectiveness of the transsphenoidal route for the treatment of craniopharyngiomas, providing further advantages in terms of visualization. 8,10,12,15,19-21, 32,33,53,55,56,60,63,70 The aim of this study was to highlight the role of endoscopic endonasal surgery in the management of craniopharyngiomas, investigating retrospectively the outcomes in a series of 103 consecutive patients treated with the endoscopic endonasal technique in our two neurosurgical centers, in Naples and Bologna.
Methods

Patient Population
Within the time frame of January 1997-December 2012, 103 consecutive patients (83 adults: 39 men and 44 women, mean age 50.36 years, range 18-83 years; and 20 children: 10 boys and 10 girls, mean age 10.1 years, range 3-16 years), underwent surgery for the removal of a craniopharyngioma via an endoscopic endonasal approach at two institutions (Division of Neurosurgery of the Università degli Studi di Napoli Federico II, Naples, Italy, and Division of Neurosurgery of the Bellaria Hospital, Bologna, Italy). According to our philosophy, we would like to emphasize that before attempting craniopharyngioma surgery via the endoscopic endonasal approach, as well as before dealing with any other so-called extended endoscopic endonasal approach, extensive experience is required. 8, 91 This attitude is illustrated by the graph in Fig.  1 , representing the increasing ratio between standard and extended approaches per year. Among our patients, 29 (28.2%) had previously been surgically treated before the admission, 2 of them via a transsphenoidal approach and 23 via a transcranial route; 3 patients received multiple surgical treatments and eventually radiotherapy, and 1 patient underwent brachytherapy ( Table 1) . The mean follow-up in our study was 48 months (range 3-246 months).
Demographic data, preoperative assessment (endocrinological and visual status and presenting signs), tumor features, prior treatments (such as surgical interventions and/or medical and/or radiotherapy), surgical results and complications, follow-up, recurrence, and QOL were retrieved from our electronic database (FileMaker Pro 11, FileMaker, Inc.).
Endocrinological Assessment
The diagnosis of pituitary deficiency was defined according to the defect, namely according to loss of function in single or multiple axes. On admission, patients underwent basal and dynamic hormonal status evaluation, and deficiency was diagnosed when the serum level was lower than the current reference value for the axis. Hyperprolactinemia was often encountered and was related to stalk compression. Partial hypopituitarism was defined when two axes had deficiencies, and panhypopituitarism was present when three or more axes were deficient.
Visual Assessment
All patients were evaluated preoperatively for visual acuity, and computerized visual field examinations were performed. In the postoperative course these examinations were performed at 3 months and 1 year after surgery; they were further repeated when clinically appropriate.
Surgical Procedure
All patients underwent an endoscopic endonasal approach to the sellar region (that is, a "standard" approach in the case of infradiaphragmatic lesions), whereas an "extended" approach (that is, transtuberculum-transplanum) was required in case of supradiaphragmatic tumors. The surgical procedures were performed according to the techniques already described in previous publications. 15, 32, [55] [56] [57] Once again, it has to be reiterated that dedicated instrumentation, such as the ultrasonic aspirator (CUSA) and the intraoperative image guidance system, can be useful in performing the removal of craniopharyngiomas safely and effectively with this technique.
Considering the issues involved in the reconstruction step of the procedure, above all in the extended approaches, we briefly report the different techniques used, 13, 26, 36, 58, 69 and we have defined 5 groups in the analysis of the series. These were as follows: 1) intradural repair with extradural closure; 2) intradural repair with extradural closure and pedicled nasoseptal flap; 3) intradural repair with intraextradural gasket seal/"grandma's cap" closure; 4) intradural repair with intraextradural gasket seal/grandma's cap closure and pedicled nasoseptal flap; and 5) sellar closure and/or suprasellar cistern protection with dural substitute, fibrin glue, or oxidized cellulose (only for infradiaphragmatic lesions).
All patients received an intradural closure, consisting of the obliteration of dead space, with fibrin glue and/ or autologous fat and/or dural substitute placed in layers. The extradural closure without a solid buttress consisted of the positioning of one or multiple dural substitute layers, free mucosal flaps, and/or fascia lata in the extradural space and/or over the bony aperture. Closure with a buttress, also known as the gasket seal or grandma's cap technique, 69 was performed with a dural substitute or fascia lata wedged in the intra-or extradural space by the solid material (synthetic material or autologous bone or cartilage). The nasoseptal flap was raised according to the Hadad-Bassagasteguy method.
36,58
Results
Signs and Symptoms
On hospital admission, the most frequent sign was partial hypopituitarism, both in the pediatric and adult populations, accounting overall for a 75% and 56.6% incidence, respectively. Panhypopituitarism was detected in 24.3% of cases overall, whereas only 13.7% of patients harbored no anterior hypophysial defect, and DI was present in 23.3% of the population.
Visual disturbances were present in 76.7% of patients, more frequently in the adult population, where the predominant defects were bilateral quadrantanopia (34.9%) and bilateral temporal hemianopia (20.5%). Neurological defects were rare and were mostly related to compression of other cranial nerves. Hypothalamic symptoms, represented in the majority of cases by bulimia/obesity (9.7%) and psychological disturbances (7.8%), were noted in 24.3%, mostly in the adult population (Table 2) .
Concerning the characteristics of the lesions, in our series we had a majority of supradiaphragmatic lesions (81.6%), both in adulthood (83.1%) and childhood (75%); these totals include endoventricular tumors. In regard to consistency, we had 61.2% of mixed (solid-cystic) tumors, with calcifications of different degrees present in 52.4% of cases (Table 3) .
Extent of Resection
The tumor removal rate was gross-total resection (GTR) in 68.9%. A slight difference was observed in terms of the GTR rate for primary tumors (53 [71.6%] of 74) or lesions that were previously treated (18 [62. 1%] of 29). Nevertheless, this difference was not statistically significant (p = 0.359 for difference of proportions). A GTR was achieved in 78.9% of patients harboring purely infradiaphragmatic lesions, whereas in the group of patients with lesions involving the supradiaphragmatic space the total removal rate was 66.3%: no statistically significant difference was noticed between these groups (p = 0.235 for difference of proportions) ( Table 4) .
Regarding the GTR rate that we accomplished, considering the different relations to the chiasm we reported a higher rate in supradiaphragmatic retrochiasmatic lesions (80%) compared with the pre-and retrochiasmatic lesions (39.1%). The similar success rate reported in the prechiasmatic lesions group (72.4%) depends on the fact that many of those tumors were intrasuprasellar infradiaphragmatic lesions. Other results concerning the extent of tumor removal with regard to its consistency, relation with the stalk, or with the third ventricle are summarized in Table 5 .
Among lesions extending into the third ventricle, 10 cases had invasion of the hypothalamus to different degrees: the GTR rate in these cases was 30%. Of the 32 patients in whom it was possible to perform a subtotal resection (STR) or partial removal (PR), 3 had received early postoperative radiotherapy. One of the remaining 29 patients died of disease progression and 1 was lost to followup, leaving 27 patients; in 14 of these, early regrowth of the remnant was recognized so that a second operation was performed within 9 months, followed by radiotherapy in 8 cases. In the other 13 patients with small residual tumors we did not recommend radiotherapy for several reasons: 1) the presence of calcified residual fragments; 2) the dense adherence of residual tumor tissue to the optic nerves, and/ or optic chiasm, and/or along the third ventricle walls, and/ or the hypothalamus; and 3) a history of radiotherapy. Of these latter 13 cases, none experienced regrowth during the follow-up. Therefore, we adopted adjunctive postoperative radiotherapy after STR and/or PR in 11 (36.7%) of 30.
No patient required a change of procedure from en- doscopic endonasal to a transcranial approach; nevertheless, at the beginning of our experience we reported unsatisfactory endoscopic endonasal lesion removal in 2 patients. In these cases, PR has to be ascribed to lack of experience that caused lengthening of the procedure and troublesome dissection maneuvers. Both patients underwent early transcranial pterional surgery (within 1 week), which allowed an STR in both cases. This has not changed our case-selection strategy, but emphasized the need for a learning curve; difficult cases should be treated with the endoscopic endonasal approach only after practitioners have gained adequate experience. The most common reconstruction techniques were intradural repair with intraextradural gasket seal/grandma's cap closure 69 (49.5%) and intradural repair with extradural closure (35%). A nasoseptal flap was used in 10.7% and lumbar drainage was placed at the beginning of the procedure in 18.4% (Table 6) .
Endocrinological Outcome
Endocrinological results showed that in 43.8% of cases that presented with normal anterior pituitary function, there was worsening. Of patients reporting partial hypopituitarism, 50% remained unchanged, only 3.2% improved, and 46.8% worsened. Among those cases with preoperative panhypopituitarism, 8% improved. We found the new onset of DI in 48.1% (38 of 79) ( Table 7) .
Visual Outcome
Concerning visual disturbances, we found overall (Table 8 ).
Pediatric Population
It should be noted that in the group of pediatric patients, 75% had tumors that were extending into the supradiaphragmatic space. None presented with pial invasion. Regarding surgical results, the percentage of GTR was similar to that achieved in the adult population (70% vs 68.7%), with the percentage of GTR also higher in cases of primary surgery (91.7% vs 67.7%) and lower in cases of secondary surgery (37.5% vs 71.4%).
In regard to postoperative visual function, the rate of improvement was higher as compared with the adult population (92.3% vs 71.2%), whereas the postoperative pituitary function did not differ, with impairment of normal pituitary function in 50% (42.9% in the adult population) and worsening of preexisting partial hypopituitarism in 53.3% (44.7% in the adult population). In the pediatric patients we have not noted any cognitive sequelae in the postoperative course.
Postoperative Complications
The most common complication in our series was postoperative CSF leakage requiring a second endoscopic surgical procedure for revision of the skull base reconstruction, with an overall rate of 14.6%. This complication occurred in 8 (15.7%) of 51 patients who received intradural repair with the intraextradural gasket seal/grandma's cap closure and in 5 (13.9%) of 36 in whom an intradural repair with extradural closure was performed. Regardless of the reconstruction technique, we reported the occurrence of postoperative CSF leakage in 7 (36.8%) of 19 patients in whom lumbar drainage was placed and in 2 (18.2%) of 11 cases wherein a nasoseptal flap was raised.
We noted that the risk of postoperative CSF leakage increased in those cases in which the lesion involved the third ventricle; indeed, the rate of CSF leakage in this group was 27.8%, whereas in supradiaphragmatic lesions without ventricular involvement it was 8.9%.
Among the other complications, we observed subdural hematoma, hydrocephalus, and vascular injury (1 brainstem hemorrhage and 1 suprasellar hemorrhage), each with an incidence rate of 1.9%; both syndrome of inappropriate antidiuretic hormone and hypernatremia occurred in 2.9% of cases. We had a single case of meningitis (1%). During the follow-up period, we observed 17 patients (17.5% of 97) who experienced significant weight gain (> 20 kg), notwithstanding dietary restriction. In 3, the obesity caused a reduction in QOL.
The perioperative mortality rate, defined as death within 30 days postoperatively, was 1.9% (2 of 103); one of these was due to a brainstem hemorrhage and occurred in a patient with an infundibular intraventricular partially cystic lesion that was densely adherent to the floor of the third ventricle; the other was due to postoperative acute hydrocephalus in a patient with a retroinfundibular intraventricular partially cystic lesion (Table 9 ). Four patients died during follow-up as a result of disease progression.
In our series, using the Karnofsky and Katz scales we defined 4 categories of QOL: 1) independent patients (without psychological and behavioral impairment); 2) patients with impairment of at least one activity of daily living; 3) partially dependent; and 4) totally dependent. 22, 25, 51, 94 At last follow-up there were 85 (87.6%) of 97 patients in the independent group; 9 (9.3%) had impairment of at least one activity of daily living; 2 (2.1%) were partially dependent; and 1 (1%) was totally dependent (Table 10) .
Regrowth and Recurrence
Within the time frame of the study, 23 patients (22.3%) experienced a recurrence and/or tumor regrowth (Fig. 2) . Twenty of them required further surgical treatment (6 cases of recurrence and 14 cases of early regrowth from residual tumor), whereas in the other 3 patients no further treatment was performed, due to a small and stable asymptomatic residual tumor.
Fifteen patients underwent a second endoscopic endonasal operation; 4 were treated via a transcranial pterional approach; and 1 patient with a cystic craniopharyngioma required 2 further operations, an endoscopic endonasal approach and a transcranial pterional procedure. Eight of these patients were given postoperative radiotherapy: 7 received conventional hypofractionated irradiation and 1 underwent stereotactic radiosurgery delivered by Gamma Knife.
Discussion
Craniopharyngiomas are considered very difficult lesions to treat due to an extremely variable growth pattern; 29 35 was introduced in the early 1960s for the treatment of intrasuprasellar infradiaphragmatic lesions extending from an enlarged sella turcica that preferably had already caused hypopituitarism. The effectiveness of this technique for the treatment of such craniopharyngiomas has been confirmed throughout the years by several publications. 28, 41, 46, 66, 67, 75 This route represented the shortest corridor through which to approach these lesions, and over time it has improved with the introduction of several tools The treatment of craniopharyngiomas via the endoscopic endonasal approach was first reported by Jho and colleagues, [47] [48] [49] and was later defined and popularized by Kassam and the Pittsburgh group. 55 The extended variations of the procedure offer an inverse view of the surgical field as compared with the transcranial, permitting the removal of supradiaphragmatic craniopharyngiomas with a direct and median orientation, reducing manipulation of the optic apparatus and brain retraction. Several groups have adopted this technique as a surgical strategy for the removal of craniopharyngiomas, reporting pros and cons in small surgical series, with a GTR rate ranging from 29% to 70%. 7, 14, 20, 24, 32, 44, 63, 70 Among the purposes of our study was our desire to address the need for a definition of a craniopharyngioma's morphological features that could favor or hinder surgical management via the endoscopic endonasal route.
As expected, in cases of infradiaphragmatic lesions, a higher GTR rate (78.9%) has been achieved. It should be emphasized that infradiaphragmatic does not mean small lesion; indeed, such lesions can be extremely large, extending into the suprasellar space and displacing the chiasm posteriorly and superiorly, but not disrupting the arachnoidal layer as is seen in pituitary adenomas. 73 The lesions can grow downward into the sphenoid sinus; laterally to compress the medial walls of cavernous sinus; or posteriorly, eroding the dorsum sellae to involve the retroclival space. In these cases the endoscope itself provides advantages, offering the possibility of safely removing the lesion in an extremely narrow corridor. 57, 90 Concerning the supradiaphragmatic lesions, we noticed significant differences in terms of removal rate according to the involvement of the surrounding neurovascular structures-above all the optic chiasm, the third ventricle, and the stalk-infundibulum axis. Regarding these two latter areas, it should be understood that pial invasion can represent a further limitation preventing a safe radical removal. 16 In cases of lesions growing in the retrochiasmatic area, often with a prefixed (anteriorly displaced) chiasm, we achieved a higher GTR rate (80%). On the other hand, the GTR rate falls (39.1%) when approaching lesions involving both the pre-and retrochiasmatic spaces; these tumors are often multilobulated (that is, they are composed of several large cysts), and their wall cannot be easily dissected from vessels and nerves. For such cases the transcranial route should be preferred as the first surgical option. Concerning third ventricle involvement, we noted that a limit in terms of tumor removal could be presented by tumor invasion of the hypothalamic area. 73, 81, 82 Indeed, reports have been published on the possibility of effectively and safely accessing and managing tumors extending into the third ventricle by using the transsphenoidal approach, with both endoscopic and endoscope-assisted microsurgical techniques 15, 55, 59, 64, 70 (Fig. 3 ). In our series we report a GTR rate of 71.8% in the group of lesions involving the third ventricle; this drops to 30% when such lesions are associated with invasion of the hypothalamic area. In our opinion, as with our practice for children, a radical resection in lesions with these features should not be attempted to avoid disastrous postoperative sequelae. In craniopharyngiomas growing anteriorly or within the stalk-infundibulum axis, the percentage of GTR was higher when compared with lesions that presented with a retroinfundibular growth path. In the latter, surgical removal via an endoscopic endonasal approach is more troublesome. On dural opening, the stalk- infundibulum complex with fine branches arising from hypophysial arteries can occupy the center of the surgical field, hindering access to the lesion. When the stalk is displaced to one side with the lesion posteriorly on the other, it is possible to manage it, notwithstanding a very narrow corridor. Conversely, to access retroinfundibular lesions with the stalk-infundibulum complex in the middle of the surgical field, the stalk can be transected, the pituitary gland transposed, or a double corridor-above and below the gland 57,90 -can be created. Nevertheless, these variations of the procedure were not performed in this series. Indeed, in the only case presenting with a retroinfundibular lesion and a midline positioned stalk-infundibular axis, we achieved only a PR, so we performed a second transcranial procedure. In our opinion, the removal of those retroinfundibular lesions extending inferiorly behind the dorsum sellae is quite troublesome. On the other hand, we found the endoscopic endonasal route effective in managing residual or recurrent craniopharyngiomas previously treated transcranially. In such circumstances, the endoscopic endonasal technique offers a naïve route, free from the scarring and arachnoidal adherences of the previous intradural corridor. 14 The endoscopic endonasal approach allows access to midline lesions not extending laterally beyond the internal carotid artery and/or optic pathways; the encasement of one or more of these neurovascular structures could represent a limitation. In cases of large and complex craniopharyngiomas, the endonasal approach could be considered complementary to the transcranial, with each route being adopted to overcome the limitations of the other.
Concerning the patients in whom we achieved an STR or PR, adjunctive postoperative radiotherapy was performed in 11 (36.7%) of 30. These data agree with the pertinent literature recently summarized in a meta-analytic study, which reports a mean 37.5% rate of postoperative radiotherapy in cases of incomplete removal after endoscopic endonasal surgery for craniopharyngioma. 60 In cases of small residual tumors with calcified fragments and/or dense adherence to neurovascular vital structures that were not growing during follow-up, we preferred to adopt a watchful waiting strategy with close neuroradiological follow-up. In cases of large, rapidly growing, residual tumors-as were found in 14 patients in our series-our attitude was to recommend an early second surgical procedure instead of performing radiotherapy. Additionally, it is preferable to wait a few months before performing radiotherapy to allow the integration of the reconstruction materials.
When dealing with pediatric patients we adopted a strategy consistent with the current attitude in terms of surgical treatment of craniopharyngiomas in childhood; namely, we accept the risk of a lesser degree of tumor removal, above all when hypothalamus is involved by the lesion. This strategy aims to allow young patients to experience adequate psychological and motor development and reduce the risk of postoperative hypothalamic obesity. 17, 87 The results of our series were compared with those retrieved from the large meta-analysis of Komotar et al. 60 A statistically significant difference between the GTR rate for open transcranial approaches (48.3%) and our GTR rate (68.9%) was observed (p < 0.001 for differ- ence of proportions). With regard to visual function, the comparison between the mean improvement rate of 33.1% reported for transcranial series and the rate of 74.7% for our series was statistically significant (p < 0.001 for difference of proportions). Conversely, the rate of CSF leakage reported after transcranial surgery (2.6%) was significantly lower (p < 0.001 for difference of proportions) compared with that reported in our series (14.6%).
Visual Outcome
The endoscopic endonasal approach allows an effective decompression of the optic nerves and chiasm apparatus without the risk of further injuries due to their manipulation. The ventral route, along with the augmented close-up view provided by the endoscope, permits microdissection of the lesion from the tiny vessels (above all the superior hypophysial and pituitary stalk recurrent arteries) of the suprasellar subchiasmatic space, which supply the chiasm and the optic nerves at their entrance into the optic canals.
Previous surgery, particularly by craniotomy, can produce a fixed visual defect. Indeed, the rate of improvement in cases of surgery for primary tumor was 75.4%, whereas in cases of recurrent tumor it was 72.7%. This result was not statistically significant (p = 0.8 for difference of proportions). Similarly, the removal rate did not influence the visual outcome: indeed the difference between rates of visual defect improvement in cases of GTR (41 [ Our results reflect the actual rates of visual improvement reported in the literature for the endoscopic endonasal removal of craniopharyngiomas, which range from 71% to 93%. 7, 20, 32, 44, 70 
Endocrinological Outcome
Endocrinological results in our series vary according to the localization of the tumor and the preoperative endocrinological status. Concerning tumor localization, we noted that pituitary function tended to remain mostly stable in patients with infradiaphragmatic or supradiaphragmatic preinfundibular lesions, whereas it worsened in patients with lesions involving stalk-infundibular or retroinfundibular areas. Worsening of anterior pituitary function occurred in 46.2% of patients overall; however, it is important to emphasize that in our series 80% of lesions were supradiaphragmatic tumors, and our data should not be compared with those in microscopic transsphenoidal series, wherein the majority of cases are infradiaphragmatic. Finally, we had 38 new cases (48.1% of 79)-all involving supradiaphragmatic tumors-of postoperative DI; this rate is similar to that reported in the literature for transcranial surgery (54.8%; p < 0.246 for difference of proportions).
Postoperative Complications
Aside from endocrinological complications, the most frequent and feared complication we observed was postoperative CSF leakage, which occurred in 15 cases (14.6%). These data confirm the pertinent literature that shows a postoperative CSF leakage rate of 18.4% (range 3.8%-69%) 7, 20, 32, 44, 70 and, once again, sheds light on one of the main issues of this kind of surgery. 11, 13, 26, 58, 69, 95 Recently, several reconstruction techniques have been defined and popularized; such new strategies, combined with the use of new materials including vascularized flaps, 31, 36, 58, 79, 101 significantly reduce such risks. Indeed, in our series the postoperative CSF leak rate fell to 4% in the last 25 procedures.
It must be considered that endoscopic endonasal skull base surgery is different when compared with endoscopic pituitary surgery: it implies a wider bone opening with arachnoid disruption. Because CSF originates from the subarachnoid space it is mandatory to start the reconstruction at this level. Indeed, it is extremely difficult to achieve a watertight reconstruction by dealing only with extradural layers; for this reason we believe that the pedicled nasoseptal flap may not be a stand-alone system and should be an adjunct to an adequate reconstruction that has provided repair for each of the compartments.
In our series, postoperative CSF leakage occurred in 2 (18.2%) of 11 cases in which the nasoseptal flap was used. Even the placement of lumbar drainage, whether or not the intradural reconstruction has been correctly performed, cannot ensure the avoidance of postoperative CSF leakage; in 7 (36.8%) of the 19 cases in which lumbar drainage was used, patients presented with postoperative CSF leakage. In our experience the use of either nasoseptal flap or lumbar drainage did not play a pivotal role in the reconstruction; nevertheless, it seems clear that both can be useful in facilitating the healing and integration of the normal tissue with reconstruction materials.
Concerning the characteristics of the lesion, it should be noted that lesion involvement of the third ventricle is associated with a higher rate of postoperative CSF leakage (27.8%). The opening of the third ventricle chamber increases the amount of CSF as well as the pressure exerted on the reconstruction materials, so that in these cases the placing of a lumbar drain could help, because it is useful to reduce CSF pressure over the skull base defect.
Because of the loss of CSF, leading to postoperative pneumocephalus, a delayed chronic subdural hematoma may eventually develop; we reported 2 such cases (1.9%). Pneumocephalus should be strictly monitored using CT scans while the patient is on a bed rest regimen and adequate hypotonic fluid reintegration therapy is administered. Finally, it has to be highlighted that the mortality rate in our series is fairly low (2 [1.9%] of 103) and compares well to that of recent transcranial series. 29, 40, 60, 75, 77 
Quality of Life
If on one hand long-term survival of patients with craniopharyngioma is achieved, on the other the eventual long-term morbidity should be pointed out. Worsening of QOL after surgical treatment for craniopharyngioma is indeed a universal finding in recent surgical series and primarily depends on the surgical management and/or tumor progression and recurrence. 20, 23, 27, 32, 51, 65, 70, 76, 77, 96, 97 Therefore, craniopharyngioma surgery should aim for a maximum removal at first attempt as well as the preservation of QOL.
Several different aspects of QOL have to be considered, that is, neurological defects, impairment of vision, and derangement of hypothalamic function, but there is no single assessment that can include the different aspects of the disease and its treatment. In our series we found that at last follow-up 87.6% of the patients were independent and successfully returned to their preoperative profession or school grade. Only an overall 3.1% of cases became partially or totally dependent after surgery.
Postoperative obesity and hyperphagia have not been rigorously assessed, and no standard criteria for significant postoperative weight gain currently exist. 22, 51, 70, 80, 94, 102 Unfortunately, we did not record patients' body mass index, but rather we recorded their weight. In 13 (76.5%) of 17 patients with a postoperative severe weight gain (> 20 kg), the lesion was involving and/or compressing the third ventricle. As reported in the pertinent literature, the risk of postoperative obesity correlates with hypothalamic involvement, both in adults and children. 70, 87 Finally, we would like to highlight that after the submission of our contribution, a detailed analysis from the Pittsburgh group on the surgical outcome of 64 craniopharyngiomas treated via an endoscopic endonasal approach was published. 61 It gives valuable insight into this debated pathological entity and further perspective about the possibilities offered by the endoscopic endonasal strategy.
Conclusions
Craniopharyngiomas represent a heterogeneous group of lesions biologically, endocrinologically, and pathologically, so that the role of surgery will be different for different tumors and patients. Along with technological progress and increasing surgical experience, the endoscopic endonasal approach has emerged as another valid surgical technique to manage properly selected craniopharyngiomas. It provides an adequate corridor to the infra-and supradiaphragmatic midline craniopharyngiomas, also giving the opportunity to manage lesions extending into the third ventricle chamber. In cases of large multilobulated lesions, involving both the pre-and retrochiasmatic areas, with eccentric extension and/or encasement of the internal carotid artery and/or optic pathways, the transcranial route should be preferred. Even though indications for this approach are rigorously lesion based, the overall GTR rate in our series (68.9%) could be compared with those achieved in major transcranial series. It has to be underlined that this rate increases (78.9%) in the case of infradiaphragmatic craniopharyngiomas. Concerning the morbidity (mostly represented by the postoperative CSF leakage) and mortality rates, our data confirm the effectiveness of this approach on a large series of patients, wherein it has been possible to improve outcomes with experience.
